Ventilator-associated pneumonia (VAP) is a complication of ventilator care that produces excess, avoidable resource use and treatment costs. Control of VAP is an important aspect of quality of care improvement for long-term care hospitals (LTCHs) since they provide post-acute ventilator care for many Medicare beneficiaries. Data for Medicare patients discharged from LTCHs during CY 2004 who received continuous mechanical ventilation are examined (N=13,759). Nearly 25% of Medicare LTCH ventilator patients acquired VAP. Despite having lower mortality and less co-morbidity than non-VAP patients, length of stay (LOS) and total charges were both higher for VAP patients. Some of this excess is avoidable. intrODUCtiOn
Ventilator-associated pneumonia (VAP) refers to nosocomial pneumonia occurring in patients receiving mechanical ventilation 48 hours or more after airway intubation. It is a common complication of care that affects approximately onefourth of patients receiving mechanical ventilation and often produces excess (and likely avoidable) LOS, mortality and treatment costs (Kollef, 2005; Chastre and Fagon, 2002) . VAP is the leading cause of nosocomial mortality for patients with respiratory failure (Kollef, 2005) . Early onset VAP cases generally occur within 4 days of hospitalization and usually carry a better prognosis than late onset cases occurring later than 4 days from admission (Chastre and Fagon, 2002) . Previous studies in acute care settings indicate that males, trauma patients and severely ill patients are at increased risk for VAP (Chastre and Fagon, 2002; Kollef, 2005) . Kollef (2005) reviews the pathogenesis of VAP (an avoidable, hospital-acquired infection) and states that many VAP cases are preventable if appropriate interventions are in place.
Several studies have examined the effects of VAP in inpatient facilities. Rello et al. (2002) and Bregeon et al. (2001) found that there was no significant difference in inpatient mortality among ventilator patients with and without VAP. Several studies have found that the presence of VAP substantially increased duration of mechanical ventilation compared to patients without VAP. This, in turn, increased patient ICU days, inpatient LOS and billed charges for patients with VAP (Chastre and Fagon, 2002; Rello et al., 2002; Kollef, 2005; Safdar et al., 2005; Hugonnet et al., 2007) . These studies suggest that control of VAP would save hospital resources and costs and improve outcomes. The incidence and outcomes of VAP in post acute settings have not been extensively examined. VAP control issues (Scheinhorn et al., 2007) .
A recent study at a large LTCH examined 23 cases of VAP involving 19 patients that were associated with 157 LTCH admissions. This study found that the VAP rate in the study LTCH was lower than VAP rates found in acute care hospitals and that systematic implementation of several coordinated interventions to prevent the likelihood of hospital-acquired infections (VAP care bundles) were effective in reducing VAP rates in an LTCH setting (Walkey et al., 2009) . In ICU settings, Resar et al. (2005) found that units that that consistently collected data on the level of adherence to administration of ventilator care bundle elements and incidence of VAP cases experienced an average reduction in VAP rates of 44.5%. The purpose of this article is to attempt to determine if similar excess days of care and costs are observed among Medicare ventilator patients contracting VAP in LTCHs.
ventilator Care in ltCHs
Medicare LTCHs are distinguished by having a Medicare LOS of 25 days or more. LTCHs provide extended medical treatment for clinically complex patients who often have multiple acute or chronic conditions. Thus, the patients treated in LTCHs are very different from patients treated in acute care hospitals. LTCHs occupy an unusual position among Medicare providers since they must participate in Medicare as a hospital but they are among the set of providers that receive a high percentage of their patients from acute care hospitals (paid under the IPPS) for additional care.
Many LTCHs specialize in respiratory care but almost all LTCHs treat some respiratory patients. LTCHs provide postacute ventilator care for many Medicare beneficiaries with complex conditions requiring long stays (Liu et al., 2001) . As a result, the LTCH patient population has a high level of comorbidities and infacility mortality. The number of LTCHs in operation has increased substantially since 2000. Because of the long average LOS in these facilities, LTCHs were exempted from the Medicare Acute Care Hospital Prospective Payment System from the beginning of its operation in 1984. A prospective payment system for LTCHs began operation in 2002. LTCHs are dependent on Medicare for patients and for revenue since over 70% of discharges from LTCHs are Medicare patients (Liu et al., 2001) .
The Medicare Program has become increasingly concerned with quality of care for all service providers, especially those providing nursing home or home health care. One area of concern is linking payments for services to performance on quality of care measures to provide incentives for the provision of high quality care. Unfortunately, CMS' efforts toward measurement of quality of care for LTCHs lags behind established quality of care programs and data banks for other post acute care providers. Because of the importance of provision of mechanical ventilation for the LTCH industry and for facilities specializing in treating respiratory conditions, control of VAP is an important aspect of quality of care improvement in LTCHs. To date, quality of care in LTCHs and incidence and control of VAP in LTCH settings have not been extensively examined. As a result, there has been little information about the incidence of VAP in LTCHs and the effects of VAP on length of patient stays and costs of care in this setting. This is especially important since ventilator care provided in LTCHs has different treatment objectives from ventilator care received in ICUs to patients at risk of death.
Data
MEDPAR discharge data for LTCHs are examined for Medicare fee-for-service beneficiaries who were discharged during CY 2004 with a procedure code of 96.72 (continuous mechanical ventilation for 96 consecutive hours or more) to avoid early onset infections that may have begun prior to the LTCH admission (N=13,759). The following comorbidities were also examined: VAP, renal failure, diabetes, hypertension, stroke, chronic obstructive pulmonary disease (COPD) and congestive heart failure (CHF). Their coding is described in Table 1 .
Descriptive data on the percentage of continuous mechanical ventilation patients acquiring VAP are examined by age, race, sex, presence of comorbidities (renal failure, diabetes, hypertension, stroke, COPD, CHF, number of comorbidities), admission source, discharge destination, total Medicare charges, in-hospital mortality and post-discharge survival. Total Medicare charges are used to assess the overall expense of treatment (from the perspective of the provider rather than Medicare) and are used as a proxy for cost data.
The following multivariate models are presented.
• A logistic model for the effects of demographics and comorbidities on acquiring VAP.
• A proportional hazards model examining mortality rates at 2 years postdischarge.
• Linear models predicting the impact of VAP on LOS and on total Medicare charges.
results
As shown in Table 2 , nearly 25% of Medicare LTCH ventilator patients acquired VAP. The average age of patients with and without VAP was the same (72 years). There were only minor differences in the distribution of VAP incidence across age groups. Men were more likely than women to have acquired VAP while in an LTCH. Blacks and Hispanics appeared to be were less likely to have acquired VAP during continuous mechanical ventilation in LTCHs than either whites or other races.
The most common comorbidity observed was COPD (Table 3) but the difference between patients with and without VAP was not significant. Other comorbidities of importance were CHF, hypertension, renal failure, diabetes and stroke. Each of these comorbidities was more Tables 2  and 3 . Females, Blacks and Hispanics were significantly less likely to have VAP. Again, presence of comorbidities tended to negatively associated with having VAP. The overwhelming majority of ventilator patients in LTCHs were admitted from an inpatient hospital (Table 5 ). The most frequently occurring discharge status was in-hospital death. Patients discharged alive were most often discharged from LTCHs to skilled nursing facilities (Table 5 ). Other frequently occurring discharge destinations were to inpatient hospitals and home health. The differences observed between VAP and non-VAP patients do not appear to indicate a sub- stantive difference in discharge patterns between groups. Ventilator patients with VAP had approximately similar rates of unadjusted postdischarge survival to ventilator patients without VAP over a 2-year period ( Figure  1 ). Any differences between these two groups narrowed as time from discharge increased. The 2-year period was chosen to allow for more than 1 year post-discharge. It is striking that the "half-life" of LTCH ventilator patients occurs between 30 and 60 days post-discharge. A proportional hazards model for survival at 2 years post discharge showed that VAP was not significantly associated with increased mortality after demographic factors and presence of comorbidities are controlled for (Table 6 ). In this model, the effects of increasing age, race (Black), and presence of renal failure, or congestive heart failure (CHF) had a greater effect on increased mortality rates than presence of VAP. Females, and patients with diabetes or stroke comorbidities also had a below average risk of mortality.
As indicated in Table 5 , LOS and total Medicare charges were both higher for VAP patients than for other ventilator patients. The linear models predicting LOS and total Medicare charges (Tables  7 and 8 ) each indicate that presence of VAP is a major significant factor associated with longer stay lengths and higher total Medicare charges. Table 7 indicates that the most important predictor of LOS was in-hospital death (introduced as a control for differences in group death rates). Age, sex, and race/ethnicity were not significant predictors. Renal failure and congestive heart failure increased LOS while hypertension, stroke and COPD decreased LOS. Table 8 indicates that age, sex and in-hospital death had no effect on total Medicare charges. Blacks and Hispanics have higher total Medicare charges independent of presence of VAP. Here as well, presence of comorbidities had mixed effects on total Medicare charges. Renal failure and congestive heart failure increased total charges while hypertension, stroke and COPD decreased total charges. After demographics, in-hospital death and comorbidities are controlled for VAP contributed a significant increase in total charges indicating the economic impact of this avoidable hospital-acquired complication of care. 
Discussion
Ventilator patients in LTCHs with VAP have longer LOS and total Medicare charges than ventilator patients without VAP. This finding is consistent with the excess resource consumption and billed charges found in previous studies among short stay inpatients with VAP (Rello et al., 2002) and among LTCH patients (Walkey et al., 2009) and suggests that some amount of VAP is preventable with appropriate intervention. However, LTCH patients with VAP do not appear to be clearly a "sicker" group of patients in terms of greater mortality and comorbidity. The increased cost and LOS for VAP patients is, thus, not linked to these factors. The results observed may possibly reflect patient intake patterns at LTCHs but the more likely explanation is acquiring VAP is a distinct process not directly linked to determinants of mortality or to patient complexity. The results suggest that there is room to improve practices to control VAP and other hospital acquired infections in LTCHs.
The data indicate that LTCHs have an incidence rate of VAP that is similar to that found in general inpatient hospitals and home care settings (Chenoweth et al., 2007) . Overall, the results are consistent with the findings of Kollef et al. (1995) , Bregeon et al. (2001) and Rello et al. (2002) among general acute care hospital patients.
The data in Table 2 indicate that VAP incidence is not associated with age. There were no indication that incidence patterns differed between aged (65 and over) and disabled (less than 65) beneficiaries. The comorbidity indicators examined in Table 3 suggest that ventilator patients acquiring VAP in LTCHs are no more comorbid than ventilator patients that do not have VAP. Thus, ventilator patients with VAP in LTCHs do not appear to be significantly more frail or infirm than ventilator patients without VAP. Indeed both patient groups are ver y sick. One is concerned that possibly less comorbid patients do not receive the same level of attention as more comorbid patients thus leaving the former group more vulnerable to VAP and other hospital acquired infections.
Patients with VAP have approximately similar in-LTCH mortality rates and postdischarge mortality rates to patients without VAP. The low rate of survival shown in Figure 1 is similar to the survival/mortality patterns found in prior studies of survival rates in inpatient and special care ventilator units (Stoller et al., 2003) . The results found in this analysis do not contradict observations about the frequency and clinical importance of VAP as a cause of death. Among ventilator patients in LTCHs the non-VAP reference group is sicker and has higher mortality than reference groups in the general acute care population or other settings.
One should be concerned about the high rate of VAP among Medicare LTCH ventilator patients and that a substantial portion of their excess LOS and Medicare charges may be avoidable through improved management of ventilator patients and improved quality of care. Kollef (1999) presents several strategies to prevent VAP and other hospital acquired infections in clinical settings. Care bundles for mechanical ventilation patients employ several of the intervention strategies for control of nosocomial infections. Examples of these are development of a formal infection control program, tube removal as soon as clinically feasible, adequate nutritional support and avoidance of reintubation (Kollef, 1999) . Since effective control of hospital acquired infection requires multifaceted intervention to be effective, care bundles employ these interventions in a coordinated manner, are used to facilitate the consistent delivery of selected interventions for ventilator patients, and have been implemented in several ICU settings. Several recent studies indicate that the use of ventilator care bundles shows promise for lowering rates of VAP in ICUs (Resar et al., 2005; Wip and Napolitano, 2009; Walkey et al., 2009 ). Relatedly, protocol-driven weaning approaches appear to reduce VAP rates in ICU settings (Dries et al., 2005) .
Although the Medicare, Medicaid, and SCHIP Extension Act (MMSEA) of 2007 required LTCHs to have an ongoing patient review process to assess a patients continuing need for care in an LTCH, CMS currently does not require LTCHs to report information about the care of patients they treat and quality of care to the extent that such information is required of skilled nursing facilities, inpatient rehabilitation providers and home health providers. Capturing more specific information on ventilator patients and use of procedures included in ventilator care bundles appears to be a possible first step toward improving VAP control in LTCHs.
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